Introduction: Laparoscopic liver resection (LLR) has been widely performed
Introduction
Compared with conventional open liver surgery, laparoscopic liver resection (LLR) was expected to offer minimal invasiveness with a smaller scar, faster recovery, a shorter hospital stay, and less postoperative adhesion (1) . After the first report by Reich et al. in 1991 (2) , LLR was initially performed in only a limited number of institutions.
However, at present, LLR is widely performed around the world (3) . In Japan, since the national health insurance system approved laparoscopic non-anatomical partial resection and left lateral sectionectomy in April 2010, LLR has steadily spread, the surgical procedure has been standardized, and surgical devices have been improved (4, 5) . However, the safety and efficacy of LLR remain concerns, and the safe expansion of LLR is a critical subject.
A prospective study with preoperative enrollment is regarded as feasible for evaluating safety. In contrast, retrospective studies have various limitations related to patient selection bias. For example, cases requiring conversion immediately after the start of surgery may not be counted as LLR in a retrospective study. The First International Consensus Conference on Laparoscopic Liver Surgery, which was held in Louisville, USA, in November 2008, emphasized the importance of a prospective registry for evaluating the safety of LLR (6) . Although numerous reports have demonstrated the safety and efficacy of LLR (7) (8) (9) (10) , most of these reports described retrospective studies or were from highly specialized institutions. Therefore, these studies may not reflect the actual status of LLR. To clarify this, we conducted a prospective registry study that involved multiple institutions, including general hospitals.
Materials and Methods

Study design
We conducted a multicenter prospective cohort study. From April 2015 to March 2016, LLR candidates who were at least 20 years of age were prospectively enrolled in this study from a total of 12 institutions. The development of the registry system occurred as follows: 1 All patients were preoperatively enrolled with a clear designation of the operative plan, including procedures such as pure laparoscopy, hand-assisted laparoscopy (HALS), and hybrid technique. 2 All research forms were centrally collected from each institute and sent to the data center at Kyoto University Hospital. 3 The collected data were administered by the clinical data manager. We did not objectively audit the data in this study. 4 The number of patients to be registered was set at 100.
The primary end-point was surgical safety, which was evaluated based on surgical factors, including duration of surgery, intraoperative bleeding, and conversion rate. Safety was also evaluated based on short-term and midterm outcomes such as postoperative morbidity and mortality rate. Furthermore we investigated factors correlated with conversion and the impact of conversion on shortterm outcomes.
All patients provided written informed consent. This study was conducted in compliance with the Declaration of Helsinki and the Ethical Guidelines on Clinical Studies issued by the Japanese Ministry of Health, Labour and Welfare. The study procedures were approved by the ethics committees of all participating facilities and the Graduate School and Faculty of Medicine of Kyoto University.
Definitions of laparoscopic liver procedures
The World Consensus Conference on Laparoscopic Surgery has defined various types of laparoscopic liver procedures (6) . Pure laparoscopy was defined as complete resection of the liver through laparoscopic ports, although a small incision may be created for specimen extraction. HALS was defined to include the elective placement of a hand port to facilitate a procedure. The hybrid technique is initiated as a pure laparoscopic or hand-assisted procedure, but liver parenchymal resection is performed via a mini-laparotomy incision. In this study, we classified procedures as defined by the World Consensus Conference on Laparoscopic Surgery.
Variables evaluated
Patients were preoperatively enrolled, and various patient characteristics were recorded, such as age; gender; BMI; performance status; primary disease; blood examination results, including platelet count, total bilirubin, prothrombin time, and albumin; indocyanine green retention rate at 15 min; Child-Pugh classification; and prior surgical history. Liver segments were defined using Couinaudˈs classification (11) . Tumor locations were divided into the anterior-lateral segments (segments 2, 3, 4, 5, and 6) and the posterior-superior segments (segments 1, 7, and 8). Cases involving multiple lesions or a lesion spread across multiple segments were classified into the posteriorsuperior segments category if a lesion was present in the posterior-superior segments. The severity of postoperative morbidities was determined using the Clavien-Dindo classification (12) . Patients who had LLR were allowed to be discharged when they were recovered and had no evidence of postoperative medical problems, could tolerate oral intake, were mobile, and could perform self-care at the same level as in their preoperative condition. We defined "major resection" as liver resection involving at least three segments and "minor resection" as liver resection involving no more than two segments. The terminology of anatomical liver resection was described according to the Brisbane 2000 Terminology of Liver Anatomy and Resections (13) .
Statistical analysis
Patient characteristics were analyzed using the MannWhitney U-test for continuous variables and χ 2 tests or Fisherˈs exact test for categorical variables. All tests were two-tailed, and P < 0.05 was regarded as significant. STATA/IC 13 (StataCorp, College Station, USA) was used for all statistical analyses.
Results
Patient characteristics
A total of 102 patients were included in this study. Proportions of LLR at each institution during the registry period of this study are presented in Figure 1 . LLR accounted for 10%-56% of all liver surgeries, other than liver transplantation, at each institute. The overall study population included 69 men and 33 women; the median patient age was 71 years (range, 39-86) ( 
Short-term and midterm outcomes
The median duration of surgery was 221 min (range, 51-525), and the median blood loss was 80.5 mL (range, 0-1425) ( Table 2) . Seven patients required an intraoperative blood transfusion. Morbidities of the Clavien-Dindo classification grade IIIa that were observed postoperatively within 30 days included bile leakage in one patient (1.0%), intra-abdominal abscess in one patient (1.0%), wound bleeding in one patient (1.0%), and pleural effusion in one patient (1.0%). Morbidities more severe than Clavien-Dindo classification grade II observed 31-90 days postoperatively included one grade IIIa ascites and one grade IVa respiratory failure. There were no cases involving reoperation and no mortalities within postoperative 90 days. The median postoperative hospital stay was 9.5 days (range, 3-61). 
Characteristics of conversion cases and the impact of conversion on short-term outcomes
Conversion of the surgical procedure was required in four patients because of bleeding (n = 2), advanced intraabdominal adhesion (n = 1), and limited visualization (n = 1) ( Table 2 ). There were no significant differences in patient factors or surgical procedures between conversion and non-conversion cases (Table 3) . However, three of the four patients who required conversion had tumors located in the posterior-superior segments. A comparison of conversion and non-conversion cases indicated that conversion cases exhibited a longer duration of surgery (301.5 vs 218.5 min; ranges, 277-525 vs 51-519 min), greater blood loss (535 vs 55 mL; ranges, 130-1425 vs 0-1012 mL), and a higher transfusion rate (50.0% vs 5.1%).
Discussion
This is the first multicenter prospective study to demonstrate the safety of LLR. The Second International Consensus Conference on Laparoscopic Surgery, which was held in Japan in 2014, contended that minor resection of LLR was established as a standard practice but that additional, higher-quality studies of this procedure would be desirable (3) . A prospective registry has been regarded as a feasible method for demonstrating the safety of LLR (6). The evaluation of conversion cases may be inappropriate in a retrospective study because it is sometimes difficult to differentiate between an unexpected conversion and a planned procedure when a clear designation of the operative plan has not been described. Also, cases converted immediately after the start of surgery may not be counted as LLR cases in a retrospective study.
In the present study, we conducted a multicenter prospective investigation to address the safety of LLR with a clear preoperative designation of the operative plan. Thus, our study more accurately evaluated the conversion cases and the safety of LLR without bias. The proportion of surgeries involving LLR ranged from 10% to 56% at the 12 included institutions (Figure 1 ). These institutions, with the exception of Kyoto University Hospital, are all regional general hospitals that are not highly specialized in liver surgery. Therefore, this study actually reflected the use of LLR in Japan. In total, 102 patients were enrolled in this study, and minor resection, such as non-anatomical partial resection and left lateral sectionectomy, accounted for almost all the operations that were performed. This bias in the performed surgical procedures can mainly be attributed to the coverage provided by national health insurance in Japan, which includes only laparoscopic non-anatomical partial resection and left lateral sectionectomy.
In this study, the rate of 30-day and 90-day postoperative morbidity categorized as more severe than grade II using the Clavien-Dindo classification system was 3.9% and 5.9%, respectively, and the rate of conversion was 3.9% ( Table 2 ). The reoperation rate was 0.0%, and the 30-day and 90-day mortality rates were both 0.0%. A multicenter study by Imura et al. retrospectively analyzed 2259 patients who underwent LLR (4) . In this cohort, the overall postoperative complication rate was 4.6%, and the rate of conversion was 2.3%. Reoperation and mortality rates were 0.2% and 0.1%, respectively. In addition, Nguyen et al. reviewed 2804 patients who underwent LLR; among these patients, overall morbidity was 10.5%, mortality was 0.3%, and the conversion rate was 4.1% (1). According to another report, conversion rates were 2.2-8.3% for minor resection of LLR (14) . Therefore, the postoperative outcomes observed in this study were comparable to those reported from other institutions. These results indicated the safety of LLR and demonstrated that each institution appropriately selected patients for LLR.
Lesions in anterior-lateral segments of the liver have been regarded as suitable for LLR. However, lesions in posterior-superior segments have traditionally been regarded as poor candidates for LLR because of difficulties related to visualizing the surgical field and controlling bleeding (15) . For laparoscopic liver surgery to be safely introduced, a gradual transition of surgical procedures is desirable. This transition begins with the use of a hybrid technique for lesions suitable for LLR, such as a solitary tumor in the peripheral portion of anterior-lateral segments, and gradually shifts toward HALS and ultimately pure laparoscopic surgery for technically difficult lesions (16, 17) . In this study, pure laparoscopic liver surgery was performed in 94.1% of cases. Lesions in the posteriorsuperior segments accounted for 35.3% of cases, and multiple lesions were observed in 14.7% of cases. The patients who had undergone previous abdominal surgery and were expected to present intra-abdominal adhesion accounted for 54.9% of the cases. These results indicate that the initial stage of the introduction of laparoscopic surgical procedures for minor liver resection may already be complete due to improvements in laparoscopic technique; each institution aggressively challenged difficult lesions.
Conversion of the surgical procedure was required in four patients because of bleeding (n = 2), advanced intraabdominal adhesion (n = 1), and limited visualization (n = 1). Tumors localized to the posterior-superior segments tended to be more frequently involved in conversion cases (Table 3 ). This finding was consistent with a report that identified lesions on posterior and superior segments as independent risk factors for conversion (18) . Although conversion did not appear to influence certain postoperative factors, such as morbidity rate or length of hospital stay, Postoperative morbidities were evaluated by the Clavien-Dindo classification (12) . The number and percentage of morbidities greater than grade II are described in the table.
Continuous variables are described as medians and ranges. Alb, albumin; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; ICGR15, indocyanine green retention rate at 15 min; meta, metastatic liver tumor; PLT, platelet count; PT, prothrombin time; T-bil, total bilirubin.
conversion cases involved a longer duration of surgery, greater blood loss, and higher transfusion rates than nonconversion cases. To reduce the conversion rate and control bleeding, we must continuously improve laparoscopic techniques such as the application of intercostal transthoracic ports or contrivance of operative body position for good laparoscopic handling and visualization (19) . In addition, appropriate patient selection for LLR based on a difficulty index should be implemented (20) . In this study, we examined the use of LLR in Japan and proved the its safety for minor resection. (Note that in April 2016, the national insurance system in Japan changed its policy and began covering all hepatectomies.) However, this investigation had some limitations; specifically, it included a small patient population from a limited number of institutions. To ensure the safe dissemination of LLR, including for major resection procedures such as hemihepatectomy, a larger-scale multicenter prospective study is needed. Our findings should increase the expectations of the ongoing large-scale prospective registry study created by the Japanese Laparoscopic Liver Surgery Study Group.
